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ABSTRACT

The radiological contamination of Rongelap and Ailinginae Atolls in the
eastern Marshall Islands has been evaluated from samples of material
collected and from surface readings. The results of expeditions sponsored
by the United States Atomic Energy Commission, Division of Biology and
Medicine, and carried out by the Applied Fisheries Laboratory, University
of Washington, between March 26, 1954 and June 30, 1955 are summarized
in UWFL-42. Additional observations and collections made during October-
November, 1955, are evaluated in this report.

The decline of the radiocactivity was found to be -1.75, i.e., r = t'1‘75
and steeper than the rate of decay for mixed fission products at a year and
one-half (-1, 55).

The radioactive content of most samples collected from the northern
part of Rongelap Atoll continues to be higher than similar samples from
the southern part of the atoll. The birds continue to be an exception to
this generalization,

Soil and lagoon bottom samples were collected extensively during Octo-
ber-November, 1955. These samples show great variability. Activity
levels in the top 3 inches of soil at Kabelle and Labaredj Islands varied
from 4.4 to 11.5 uc/kg. The highest value (20.3 uc/kg) of any soil sample
of the October-November collections, oddly, was found in the top 3 inches

of soil from Rongelap Island. Other Rongelap Island values averaged

vi



1.7 uc/kg for the top 3 inches of soil. Similar samples from Enibuk Island,
Ailinginae Atoll, averaged 0.61 uc/kg.

The decline curves and the chemical separations show a great variability
in the materials contributing to the radioactivity of the various samples. In

the samples separated chemically, sr90

i8 virtually absent in the coconuts
and in the marine animals sampled, but constitutes 2 - § percent of the
total activity in other land plants and 50 percent of the skeletal salts of the
land crabs. Radiocesium was found in only sinall amounts i{n marine ani-
mals, but accounted for up to 100 percent of the activity in some of the

land plants, The marine animals contained more Cel44 than the land plants.

Fission products do not account for all of the activity in most samples.
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RADIOBIOLOGICAL RESURVEY OF RONGELAP AND
AILINGINAE ATOLLS MARSHALL ISLANDS

OCTOBER-NOVEMBER 1955

Introduction

During the weapons testing program in the spring of 1954 (Operation
Castle), radioactive fallout on some of the atolls was of sufficient intensity
to make necessary the evacuation of the native peoples as a health protec-
tive measure !» 23 The contamination from radioactive material falling
upon the islands was especially heavy in the northern portion of Rongelap
Atoll and much less at Ailinginae Atoll. The summary statement from the
Eighteenth Semiannual Report of the U. 5. Atomic Energy Commission out-
lines the contamination due to fallout as follows.

"The highest radiation measurement outsi de of Bikini Atoll
indicated a dosage of 2300 roentgens for the same period
(the first 36 hours). This was in the northwestern part of
the Rongelap Atoll, about 100 miles from the point of detona-
tion. Additional measurements in Rongelap Atoll indicated
dosages, for the first 36-hour period, of 2000 roentgens at
110 miles, 1000 roentgens at 125 miles, and farther south,
only 150 roentgens at 115 miles from Bikini. "4

In addition to the external radiation problem, there is also interest in
the fate of radioactive materials adsorbed or absorbed by the biota and
their possible inclusion into the food of the native people, should they be

returned to the area.

Numerous expeditions have been made to the atolls to study the problem;

-1 -
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radiation readings have been taken, samples collected, and changes re-
ccrded. The results of the expeditions sponsored by the U.. S. Atomic
Energy Commission Division of Biology and Medicine and carried out by
the Applied Fisheries Laboratory, University of Washington, between
March 26, 1954 and June 30, 1955 are summarized in UWFL-42 °. The

results of the jointly-sponsored expedition of the AEC and the U, S. Naval

Radiological Defense Laboratory during January 1955 are summarized in

6

USNRDL.-454

The need for further studies to bring the evaluations up to date was ex-
pressed by the AEC Division of Biology and Medicine in a communication
from Dr. Charles L. Dunham, Director, on September 19, 1955. Acting
on this request from Dr. Dunham, a field party from the Applied Fisheries
Laboratory composed cf Allyn H. Seymour, Edward E. Held, Kelshaw Bon-
ham, and Frank G. Lowman left Seattle cn October 12, 1955 and returned
November 13, 1955. Collections of material for radiological contamina-
tion evaluation and survey meter readings of residual contamination were
obtained by the field party on their visits of October 21-23 and November 7,
1855 to Rongelap and Ailinginae Atolls.

The fine support and cooperation from all the organizations concerned
made it possible to conduct this program with the maximum of efficiency.
We are especially grateful for the support received from the Division of
Biclogy and Medicine, the Eniwetok Field Office, Holmes and Narver, the
U.S. Naval Station, Kwajalein, and the units of the Department of Defense

stationed at Eniwetok.
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Radiation Readings on the Islands of Rongelap and Ailinginae Atolls

A summary of the radiation readings obtained on the five study-collect-
ing trips in which the Applied Fisheries Laboratory participated from
March 26, 1954 to November 7, 1855 {s given in Table 1.

On the October 21-23 survey, Mr. Robert Taft, Radiological Safety Offi-
cer of the AEC Resident Engineer's staff, accompanied the field party and
made the survey readings with a Beckman MX-5 meter. All readings were
obtained one inch above ground and were recorded in millireps per hour.

The highest readings were again obtained on the more northern islands
of Kabelle and Labaredj where maximum readings were 4 mrep/hr with
the shield closed and 14 mrep/hr with the shield open. Readings at Ronge-
lap Island and Enibuk Island (Ailinginae Atoll) were much lower than the
northern islands, in some cases approaching the background range of the
instrument (0, 03 mrep/hr).

The individual readings for the October 21-23, 1955 visit, with the loca-
tions and terrain conditions, are recorded in Appendix A.

It was learned after the survey group of October 1955 had returned to
the Eniwetok Marine Biological Laboratory that the Division of Biology and
Medicine was in need of a complete survey of the islands with readings at
the three-foot level in addition to those previously taken at the one-inch

level. On November 7, 1955, Seymour and Held were flown to Rongelap
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and Labaredj Islands by the U.S. Navy plane, PBM 612. Their extensive

survey readings are recorded in detail in Appendix A.
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Procedures Used in Collecting and Processing Samples and Recording

Radioactivity

The procedures used in cullecting samples of biological material in the
Marshall Islands have evolved over a period of years. An effort was made
during each expedition to obtain as complete a sample as necessary for an
adequate evaluation of the problems studied, without completely swamping
the Laboratory with samples.

To carry out the program of sampling, specific animals and plants with
wide distribution have been selected for study. From these selected samples
certain tissues are evaluated to determine the distribution of radioactivity.

Collections made in the field were retained on ice or frozen until they
could be returned to the Division of Biology and Medicine field laboratory
at Parry Island. There the crianisms were identified, selected tissues
were dissected, weighed and then dried. The packaged dried samples, to-
zether with the data cards, were sent by airmail tc the Applied Fisheries
Laboratory, University of Washington, for further processing.

At the Applied Fisheries Laboratory, the dried samples were ashed at
temperatures up to 540°C, cooled, slurried, dried, and then counted in an
internal gas-flow counting chamber. The counts per plate were converted
to disintegrations per minute per gram {(d/m/g) of wet tissue, as of the
date of collection, by correcting for sample weight, geometry, backscatter,
self-absorption, coincidence, and decay. For a more ccmplete discussion

of these procedures see WT-616 7.
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In preparing the summary tables as used in this report the radioactivity

expressed in disintegrations per minute per gram (d/m/g) was converted to

microcuries per kilogram in the following manner:

d/m/g

kg =
uelkg = 103
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Rate of Decline of Radioactivity in Food Items

The rate of decline is the rate of change of activity in a group of organ-
isms and is the consequence of the interaction of physical decay, of biologi-
cal uptake, and of biological decay.

The activity of the principal food items for the five dates of collection
is presented in Table 2 and Figure 2. The values were obtained by aver-
aging sample counts from all areas. The individual counts from which the
values for the October 1955 collection were determined can be found in
Appendix B. For the earlier dates the values are taken from UWFL-42,
Table I. Table 2 and Figure 2 give the general picture of radioactivity of
the fcod items and are useful to those who wish to calculate the health haz-
ard. The coefficient of variation (standard deviation + mean) for these
values averages about 60 percent, which indicates considerable variability.
Area and species differences and sampling error account for this variabil-
ity. In the sections on fish, invertebrates, plants, etc., the samples are
grouped in smaller divisions, with area and species differences eliminated.

From Table 2 the absolute values of the food items can be obtained, and
from Figure 2 the rate of decline can be directly calculated. These data
are closest to being pointa on a straight line when plotted on a log-log scale
with March 1, 1954 as the date of origin. For the purpose of making an
approximation of the general rate of decline, the slope of a least-squares
line determined from the average values for all items on each collecting

date was calculated and found to be -1.75,1i.e., r= t~1.75 (the decay rate
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WET

ucC/ KG

25 100 600 25
DAYS AFTER MARCH |, 1954

1
100 600

Figure 2. Rate of decline of radiocactivity in food items
from collections at Rongelap Atoll between March 26, 1954
and October 22-23, 1955.
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for mixed fission products at a year and a half is less, being about -1.55).
One use of the decline curve is to predict the level of activity of food

items at some future date. For example, if the value for a food item was

100 on November 1, 1855 it would be 85 on January 1, 1956 and 56 on July 1,

1956,
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Evaluation of Radioactivity in the Biological Samples

Fish

As part of the program to evaluate the residual radioactivity in the
food items of the Marshall Islands, reef fish and some lagoon fish were
collected from several areas in Rongelap and Ailinginae Atolls (Tables 3
and 4). The fish were collected by underwater det onations using Prima-
cord or by poisoning with derris root. Some specimens were caught in
the deeper waters of the lagoon with hook and line.

The species selected for analysis were those commonly found in the
Marshall Islands and included damselfish, groupers, parrot fish, squirrel-
fish, surgeonfish, goatfish, wrasse, snappers, mullet and tuna. The scien-
tific names of the species are given in the appendix of UWFL-42.

The tissues used for analysis of radioactivity were skin, muscle, bone,
liver and other viscera. The latter included part of the stomach contents
as well as part of the alimentary canal, in most cases. From the October
1855 collections only the muscle, bone and liver were used, as these three
tissues represent, in the above order, the minimum, intermediate and
maximum amounts of radioactivity found in the tissues and serve as the
best examples of the trends. The itemized data for the October 1955 col-
lections of tissues and specimens of fish are listed in Appendix B.

The collections from Kabelle Island, which were taken over a longer
period than those from the other islands, offer the best data for determina-

tion of the decline of radioactivity in the fish. The collections from this
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island were made in approximately the same area, a coral-filled channel
open to the sea at high tide, lying near the north end of the island. The
data are summarized in Table 3 and Figures 3 and 4.

The radioactivity in Kabelle Island fish muscle tissue showed levels of
about 2.7 uc/kg on March 26, 1954. By October 1955 levels had dropped

to less than . 030 uc/kg, which is less than (1/2)6that of the March 1954

samples and the liver samples (1/2)7 for the same period.

Decline and decay of radioactivity show differences in rate, the former
declining at a slower rate than decay the first 100 days after March 1, 1954,
and then at a greater rate thereafter; thus the curves appear to be approxi-
mating each other at the present time. Differences in rate of decline and
decay might be explained by the postulate that in the first 100 days after
March 1, 1954, the radioactive materials existed in greater abundance than
could be utilized by the fish so that during this period the fish tissues were
more or less "saturated' with the materials. As the radioactivity decayed
and was dispersed with time, the tissues declined in radiocactivity at an
increasing rate commensurate with the amounts available in the food chain
and in the surrounding water.

Decline in amounts of radicactivity in omnivorous and carniverous fish
indicates some differences in rate, at least for the first 100 days (Fig. 4).
These differences decreased with passage of time.

The grouper and damselfish in Table 3 represent rather common species
of carnivorous and omnivorous fish, respectively, and are the best repre-

sented, of all the species, in the collections. Fcr the most part the averages
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comparebwith those of omnivores and carnivores generally.

In the data there appears to be a distinct pattern of relative amounts of
radioactivity in different organs which is maintained more or less con-
stantly, indicating that the activity in the various tissues declines at approxi-
mately the same rate.

Most of the decline curves and, at least the decay curve for muscle,
deviate from a st raight line, and although the curves indicate some mixture
of isotopes, they do not apparently contain similar ratios of isctopes to
those found in the mixed product curve of Coryell and Sugarman (1951)8,

The distribution of radioactivity in the fish from various parts of Ronge-
lap and Ailinginae Atolls is summarized in Table 4. By October 1853 radio-
activity averages of fish muscle tissue ranged from 0. 009 uc/kg at Rongelap
Island to 0,033 uc/kg at Labaredj Island. Liver tissues ranged from 0. 20
pc/kg in Ailinginae lagoon to 1.6 uc/kg at Kabelle Island (Table 3). Extreme
range lof the samples were, for muscle, 0. 003 to G. 10 uc/kg and for liver,

0. 036’to 4.7 uc/kg. In general, the activity was highest in the northern
islands of Rongelap Atoll. Enibuk Island (Ailinginae Atcll) and Rongelap
Island (Rongelap Atoll) appeared to be similar in activity.

The coefficient of variation for muscle tissue radiocactivity in Kabelle
Island fish, where 12 or more specimens were involved, varied from 46 to
143 percent. In liver tissue the coefficient of variation ranged from 64 to

119 percent. There appeared to be no decrease in variation with time.



mm.ﬁ Al 0°'1 G g %9°0 €1 sndo300
\Aﬂ..m WA g'e g'e 9'g 680 % weto jueid  uafap
\Mm:.o € uryoun ess
‘0t a8uods s3uwao
/® 1"e 0°2 8" H1 2£°0 0T qedd 3nuod0d
¢ ¢ G*0 m.m 2 e T J3qumond eas ITTaqel
Jel’ 1 AL €L'0  eg'o e 22’0 f uweTd queld [paJgeqs]
12°0 0T Qedd 3nuodod
1%/ 20 rA 0 9'2 #9°0 -Gt'0 6 QBJoO 3 Twaay
l2°0 1£°0 Ggo'o 220 11°0 9 qead }dood
=020 €5°0 £L°0 L.0°0  g5°0 620 g qeqd paka-padg
£€e o €L0 L'0 160 ltoC® L qeao 3soy3d
\mam.o 21 1tsus ajfasu deTsBuoy
Ja ‘ot 21 Teus o31J8u GG/0£-92/1
\mm.m *62T ‘ge i gL 1T T1teus Joptds a112qEA
G'€ 2'e 0T g1 1 Jaqumond Bas #5/g/2T
61 ‘€1 ‘62 el G6°'1 0T qBJD 3NUOD0D
*6€ ‘e ‘19 "T. 0't 6 QBJO 3 Twasay
\md.m "G4 0'¢ 11 ‘ge €1 fr weld jueyd o1reqeN
g € "TT ‘Th 06 T Jaqumdnd eas §G/91/L
*09¢ *06S ‘0Gh  "o0ke 1°6 0T 4BJD 3NUOD0D
*00Lh ' Oh9 .omm ‘ol1t  °"gIt 6 qeas jjwasy [paaeqe]
" 00G2 ‘09ET *0tL olet kg 9 qBJO Y204
/& 007t * 0066 *002 ‘OhyT 9 1T T1teus Jopids
\m.omm ‘092 16 ‘ohe *0le e 6 werd juvtd o1ToqEN
*OhG ‘092 ‘099t ‘0Ofg 1  dJ8qumond ees 45/92/¢
1103V deiasuocy
*OSTW ABUpPTH esel peuoh 2TauEN I1ID 2oedeaeR) JuUs3UCD ISTOSNK * we fuesan CERY
*O8TA JO JO juaw pue np pur ajed
I9A 7] -ndajuyx

anegeTy 33M Jo D/on uy passadadxd sonieA

CCET 19ANI00-HGET YOI
‘1ea0) ueyl J0Y30 §93BJIQB3JaAaUl JO A3TATl3o8BOIpERY

‘G a1qml



21

‘souds ‘9 foJr3us_'p ‘292 *o fsjaed 33os °q {1Isys ‘e
*giasuuad ‘gl fenagnued ‘hl ‘fgndAijod "ET anHpmz Al

mmnoOOQmwm.HH mmmwh«m .DHmmmHmocmoo . mm pm.m“wvomb *J ‘snsdedd "9 ‘sndoddtH ° &
#

feuoBPIAL “f1 {XTJUIOUTYOE *€ f¢ sndoyoT3s uel ‘¢ feTaUao0ToOH 1 sawslU 07JT3UaTOS

61’ bA N 2 J3quMond BaS6
s* AN 1T T1Tsus Japyds
rARS 6S° 120° f wey{o 3uetd
o1’ . oto* 6 qead jJywasy ynqruld
1 N l20° OT GBJIO 3NUCD0D ¢cg/ce/01
1103V oBuUTIUTTIY
fe’ c1 pToapiy
\m . AN oh* 1 Jaqumond e3s
1L 11 f10° f welo 3uvld de1o%8uoH
©e* f° 1 £60° 6 qeJao JTwasy GG/2e/0T1
‘e T4 TT TTeus J92pTds
€£'9 L' 1 T m wero jueld
c6* 24 o¢’ qrad 3 Twasy
€1 16 €2’ 0T Q®Jd jnuodod  [paJaeqe]
Hee 9°'e T Joqumond eas
gl gt 1T Ttteus Jopids
L'e 06" €Go* % weld 3ueid
ek’ £ ua 6 QeJao g TwIdy a2112qe}
19° 2 € 2lo’ 0T QBJID 3NUOD0D 6s/12/01
\mww.o 53uodg Mmook noszaetud
o'e 1T 2’0 16'0 GG* 0 {1 ao38qo7 Autds uaf a9
G*'1 61 4°0 €2 1€ 0T 9BJD 3nuoo0d  §G/0€-92/1
Avwzzﬂpcoov
1103V deta3ucH
*O8TW AsupTi sceW] 111D ooBvdeae) 3juajuod aTI8TW » we TursdJo B3JaY
*O8TA J0 JO juaw pue j3und pug 3jed
JoAT] ~-ndajul

(ponutjuod) G a1qsl g °d



020’0

‘81

0c0' 0

££0°0

98°0

‘011

79

6£0°0

G2 0

otk

ymqTulg
6c/€e/01
1103V seulduillVy

de1oduoly
aT1eqey
¢C/ee-1e/01

fpaaeqe]
atroqwy
GC/62-ge/1

2112q8)
7S/91/L

a11oquy
75/92/¢

1103V det=23ucy

893 1a0d

vaod
“TTTITW

eaod
-OT1T00d

BaJ38W
-3da]

gvaod
~-OTT8H

gTdungd

BJOd
-0a9y

3N8ET3 38M JO 3N/0n ul pascaadxs saniep

GGET d2q0300~-4GET UOI™K ‘1BI0] JO £37AT30201DPBY

pueisI
pue aj3ed

‘g aTael



- 23 -

1000; : HERMIT CRAB

COCONUT CRAB

1000

100

100

IO(‘

WET

UC/KG

0.1 : .

25 100 600 25 00
DAYS AFTER MARCH I, 1954

Pigures 5 (left) and 6 (right). Decline in radioactivity
of tissues of coconut crab and hermit crab from the

northern islands of Rongelap Atoll.
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Pigures 7 (left) and 8 (right). Decline in radiocactivity
of tissues of giant clam and spider snalls from northern
islands of Rongelap Atoll.
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Pigures 9 (left) and 10 (right). Decline in radioactivity
of tissues of sea cucumber and of coral from northern
islands of Rongelap Atoll.
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feeding clam, feeds on bottom material, which is about 10 times that of
plankton.

The land-inhabiting hermit crab, Coenobita, and the coconut crab,
Birgus, were intermediate in their general level of radioactivity between
spider snail and giant clam.

As shown in Table 5 and Figures 8 and 6, rates of decline as expressed
on logarithmic paper varied from -0. 9 for spider snail muscle to -2.8 for

hermit crab liver, and averaged -1.735.

Negative Slopes of Decline Rate of Invertebrates Logarithmically
Graphed in Figures 5-10, Based on First and Last Observations

Coconut Hermit Giant Spider Sea
Tissue Crab Crab Clam Snail Cucumber Coral

Muscle 1.3 2.0 1.7 0.9
Cut and

content
Integument 1.4
Laiver 1.9
Kidney
Entire 2.0

N e

® ~
[\C2N 3
— O

1.7

[
w =3

L.and Plants

Collections of both edible and non-edible plants were made at Rongelap
Atoll during the period from March 26, 1954 to October 21-23, 1955. In
the last survey, the emphasis was placed upon those plant parts important

in the native diet. These food items included coconut meat and milk and
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the edible portions of the papaya, arrowroot, Morinda and Pandanus plants.

Soil samples also were taken in the vicinity of the plants in order to com-
pare the levels of residual contamination in these items and to determine
whether there had been any selective uptake of radionuclides from the soil.

Counts of all the land plant samples for the first five surveys are given
in UWFL-42, Appendix Tables IV, V, and VI, and are summarized in Tables
7, 8, and 9 of this report to include the values for the October 1955 collec-

tions. Values for these collections are given in detail in Appendix D.

Summary of Radioactivity in the Edible Portion of Land Plants and
in the Island Soils Collected October 1955. Values Expressed in
uc/kg of Wet Tissue.

Rongelap Atoll  Ailinginae Atoll

Coconut

Meat 0.038 0.008

Milk 0. 045 0.011
Papaya

Meat 0.023

Seeds 0.079
Pandanus 0.074 0.017
Arrowroot 0.034 0. 005
Morinda 0.013 0.007
Island Soil 9.2 1.2

Soil: Plant Ratio - 190

In October 1955, the levels of radioactivity in all species of plants were
higher at Rongelap Atoll than at Ailinginae Atoll by a factor of two to seven.
In general, the levels in the plants were highest at the northern islands of

Kabelle and Labaredj. The only exception was thec corm of the arrowroot
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rable 8. Radloactivlty of Edidle Plants Other Than Coconuts,
March 1954-0October 1955
values expressed in uc/kg of wet tissue
Date and Edible
Island Name pPortion Seeds Skin Leaves Misc.
Rongela Atoll
/26 /54
Labaredj Morinda 11. 430.
12/18/54
Rongelap squash .016 .076 .032 .030
papaya .018 .068 .oh4 pulp
arrovwroot .022 .024 .083
Morinda .028 042 .022
Pandanus 027 .022 o4t
1/29/55
Kabelle arrowroot .030
Pandanus .056 .060
Labared] arrowroot .007
Lomuilal arrowroot .16
Pandanus .080 .080 .086
Gejen arrowroot .050 .096
Rongelap papaya .050 .061
arrowroot .032
Pandanus .034
Squas .053  .013
spinach 017
10/21/55
Kabelle arrovroot .024
Labared] Pandanus Q79
arrowroot .020
10/22/55
Rongelap arrcwroot .058
papaya .023 079
Pandanus 071
rin 013
Bquash .055 .010
flower
Ailinginae Atoll
10/23/55
Enibuk Morinda .007
Pandanus 017
arrowroot 005
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olant in which the Rongelap Island value was almost three times greater
than for thg other collecting areas. The corms had been washed and peeled
to avoid contamination from the adhering soil. Since there is no evidence
to indicate that the rate of uptake of radioactive materials should bve higher
at one island than another, and since the levels of activity in the soils at
Rongelap Island varied considerably in two neighboring locations (from 1.7
pc/kg to 20 uc/kg), it is probable that the arrowroot at Rongelap Island was
collected in relatively "hot' spots. In the early surveys it was found that
the meter readings were highest in soil depressions and in pits such as
those used by the natives for growing crops, and this may account for the
vaies,

During October 1955 the radioactivity in the soil was much higher than
that in the plants, indicating a low rate of uptake. This seems to be corre-
laied with the loss from the soil of those isctopes which are readily taken
up by the plants. The ratio of soil/plant activity has increased from 8 to
180 in the period from March 1954 to October 1955. This would be true if
there was a selective uptake of short half-life fission products by the plants.
It was also borne out by the radiochemical determinations, which showed

95

that in addition to the rare earth isotopes, Zr was the principa} source

of radioactivity in the soil in March 19545, whereas it was Rul08

1955 6. Although Rul08 comprised a relatively large fraction (23. 3%) of

in July

the activity in the soil, in most plants it was minor (7. 8%). Much of the

activity in the plants - up to 96 percent - was due to C3137_ which com-

prised a very small part of the total activity in the soil (1. 1%)8.
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In the period from March 1954 to October 1955 the levels of radioactivity
in the land plants were generally higher in the northern islands of the atoll,
which was in accord with the survey meter readings and the radioactivity in
the soils. The activity in the land plants, however, declined at a faster
rate than that in the scils for the period March 1954 to January 1855, after
which the rafe of decline appeared to be slower in the land plants. The rate
cf decline at Kabelle and Labaredj Islands is presented in Figure 11 for is-
land scil and in Figure 12 for coconut meat and milk. The activity in the
coconuts does not appear to be declining appreciably with time, but since
it is due mostly to Csl37, it does not present a health problem at this time.
(The average level for coconuts in October 1955 was approximately 4.5 x
10‘5 uc/ g of wet tissue, which is less than 1 percent of the tolerance level?).

Edible plants other than coconuts have been found to contain levels of

Srf)()

which are above the tolerance level as defined in the Radiological
Health Handbook®. Among these plants are Pandanus, papaya, Morinda,
squash, and possibly arrowroot. The level of Sr-90 in coconut meat and
milk is very low?: 8. Thus it can be stated that certain plants are selec-
tively absorbing this isotope, while others are not.

Another indication of selective uptake of radioactive materials from the
sotl is sh;)wn by the difference in the decay slopes of coconut meat and milk.
They are not only different from one another, but also are different from
the decay slopes of other plants and soils, the average slope of which loga-

rithmically is about -1, 25, The decay slopes for different samples of coco-

nut meat and milk taken from Kabelle and Rongelap Islands are presented
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in the following table,

Log-log Slopes of Coconut Meat and Milk Taken from Rongelap
and Kabelle Islands in 1954.

Kabelle 3/26/54 Kabelle 7/16/54 Kabelle 12/8/54 Rongelap 12/18/54

Meat Milk Meat Milk Meat DMilk Meat Milk.
1.0 0.5 0.5 0.1 0.7 0.18 1.1 0.2
0.8 0.8 0.15 0.8 0.3 1.4 0.1
0.8 1.0 0.8 0.2
0.7

These slopes indicate that coconut meat and milk select different radio-
active isotopes during their metabolic activities and that the milk is definite-
ly absorbing an isotope mixture containing, for the most part, long-lived
isotopes. From the chemical data, fission products yield and decay analy-
ses, it ig believed that Cs137 is the major comtributor.

It has been shown that the level of radioactivity in the plants at the north-
ern islands of Rongelap Atoll is higher than that at the southern islands, that
this activity is declining at the present time at a slow rate (Fig. 12), and
that there is a selective uptake of certain isotopes among which C3137, Cem4

1086 95
u , Zr , and Srgo are the most important.

R

Algae

In the October 1955 survey, samples of marine algae were taken from

the shallow water of the lagoon near shore and by diving to the bottom in
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the deeper waters of the lagoon. Fresh and bfackish water algae were col-
lected from a well and from a concrete cistern found near the village on
Rongelap Island. Samples of two species of algae, Halimeda and Caulerpa,
were taken from all islands visited and other species were taken whenever
found. Samples of marine sand were taken near the algae collecting loca-
tions.

The radioactivity found in the algae for the first five collections is pre-
sented in detail in Appendix Table VII of UWFL-42. A summary of all the
collections is given in Table 10 of this report. The radioactivity found in
the algae collected in October 1855 is presented in Appendix E and is sum-

marized with the marine sand in the following table.

Summary of the Radioactivity in the Algae and in the Lagoon Sand
Collected in October 1955. Values Expressed in uc/kg of Wet

Tissue.
Rongelap Atoll
Kabelle Labaredj Ron’gelap
Shore 22! 49! Well Cistern
Algae 0,18 0.31 0.089 0.066 0.048 0.50 6.8
Sand 2.6  -- 0.084 0.34 0.23 3.3°%7 --
Ratio 15 -- 1. 5.1 4.8 6.6 --
Soil
Algae
Ailinginae Atoll
Enibuk
____Shore 35!
Algae 0.033 0.064
Sand 0.039 0.13
Ratio 1.2 2.0

* At bottom of i;goon in 22 feet of water; ** igland soil.
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Table 10. Radioactivity of Lagoon Algae
March 1954-0ctober 1955

Values expressed in uc/kg of wet tissue

1sland 3/26/54 T/16/54 12/8/54 1/27-30/55 10/21-23/55
Rongelap Atoll
Kabelle reef 830. 15. 1.9 0.20
" deep water 1.8
Rongelap reef .058
" deep water 3.4 067
Labared] reef .31
Enliaetok " 1.4
Ge jen " 1.8

Allinginae Atoll
Enibuk reef .033
" deep water 0.052
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In October 1955, the highest values in the marine algae were at Kabelle
and Labaredj Islands and the lowest in the shallow water of the lagoon at
Enibuk Island, Ailinginae Atoll, The highest of all were the fresh-water
and brackish water algae from Rongelap Island which were collected in
locations where fission product material would tend to accumulate. These
algae were collected from the bottom of a concrete cistern which was used
to collect rainwater and from the sides of a well whiéh contained water ori-
ginating from the fresh water lens. In both of these locations the water
cuntained much more activity than the water in the lagoon (see Table 13).
Ccnsidering all the samples collected on this date, the ratio of the activity in
the soil to that in the algae varied from 1 to 15, an indication that the level
in the soil is not the primary factor in determining the level of activity in
the algae.

A comparision of the radioactivity in the algae collected in the shallow
water near the lagoon shore with that of those collected at the bottom of the
lagoon in deeper water shows that the latter were slightly more radioactive
at Enibuk Island and less radioactive at Rongelap Island.

The radioactivity in the ‘algae at Rongelap Atoll is declining at a rapid rate.
This is illustrated in Figure 11, a log-log plot of radioactivity in the algae
at Kabelle Island from March 26, 1854 to October 21, 1955. The slope of
this line is -2.5, which is steeper than that for beach sand (-1.5). It is also
steeper than that for the land plants (-1.25), which indicates that different
fission products were being absorbed by the two types of plants. This differ-

ence in compaeitian of the radioactive material is also borne out by the faster
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decay of individual samples of algae and by the radivchemical determina-
tions which showed that in January 1855 a large fraction of the total radio-
activity in the algae Caulerpa and Halimeda was due to Cel4% and that none

137

of it was due to Cs , which contributed most of the activity in land plants.

Birds

Birds were collected at four islands of Rongelap and Ailinginae Atolls
during the latter part of October 1955. Terns were taken at Kabelle and
Labaredj Islands in Rongelap Atoll and at Enibuk Island in Ailinginae Atoll
and included three species: the fairy tern (Gygis alba), tke noddy tern

( Anous stolidus), and the black-naped tern (Sterna sumatrana). Terns

were not available at Rongelap Island but two species of shore birds were

collected at this site, including two ruddy turnstones (Arenaria interpres)

and a reef heron (Demigretta sacra sacra).

Specimens taken at Kabelle and Labaredj were treated as northern
atoll birds and as one group. Those birds from the southern island of
Rongelap as well as those from Enibuk Island ( Ailinginae Atoll) were con-
gsidered to constitute a southern group 5

The birds of the southern group were further subdivided according to
their feeding habits into (1) the terns, which forage in the area of a few

islands within the atoll and feed principally on fish and (2) the shore birds,

which are migratory, any cne bird remaining in the area of an atoll for
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only a limited time, and which feed for the most part on crustacea along
the beaches. The northern group of birds consisted entirely of terns.

Because of their limited migrational tendencies, the terns provide a
more representative sample for the determination of continued uptake and
metabolism of radioactive materials at Rongelap Atoll than do the shore
birdss. although in some respects the two groups are similar.

In the collections prior to October 1955 the following organs were pro-
cessed: skin, muscle, bone, lung, liver, kidney, ileum, and thyroid. In
the October collections only muscle, bone and liver were taken in an effort
tc reduce the total number of samples.

The average specific activities of muscle, bone and liver of Rongelap
and Ailinginae birds are given in Table 11. At the time of the October col-
lections the radioactivity levels in the three tissues of the north Rongelap
terns were approaching a common value, with the most radioactive tissue
(liver) having an activity only 2. 45 times that of the least active tissue
{bone). In the Enibuk terns the ratio of highest radioactivity to lowest was
1:3.687. The differences between thé highest and lowest levels of activity
in the three tissues of the north Rongelap terns for any one collection date
have consistently declined since the first collections in March 1954. The

dates and ratios are as follows:

March 26, 1954 - 1:
July 16, 1954 - 1:
December 8, 1954 - 1:
January 28-30, 1955 -
October 21, 1955 - 1:2,

8.5
5.6
5.4
1:3.1
2.5
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Table 11. Radlocactivity of Birds and Tern Eggs,
March 1954-0ctober 1955

values expressed in uc/kg of wet tissue

”

Date and Number
Island Name Specimens Muscle Liver Bone
Rongelap Atoll
3/?6/?&
Labaredj and noddy and
Kabelle fairy terns L 4.8 23. 41
Kabelle curlew 1 7.7 36. 160
7/16/54 noddy, fairy and
Kabelle crested terns 6 0.64 3.6 0.75
curlew 1 0.18 1.0 1.7
12/8/54 noddy and fairy
Kabelle terns 4 0.40 0.21 0.097
1/26-30/55
Rongelap fairy terns 5 0.26 0.81 0.65
turnstone and
plover 2 0.0o44 0.23 0.18
Cejen, Kabelle noddy and
and Labared}] fairy terns 6 0.050 0.15 0.10
10/21-22/55
LabaredJ and noddy and
Kabelle fairy terns 7 0.020 0.049 0.014
Rongelap reef heron and
turnstones 3 0.059 0.41 o0.12
Ailinginae Atoll
10/23/55 black-naped, failry
Enibuk and noddy terns 8 0.038 0.099 0.027
Tern Eggs
Number
Specimens Egg Shell Yolk White Bmbryo
Rongeljp Atoll
7/16/54
Kabelle 5 .65 .93 .026 .34
12/8/54
Kabelle 3 .30 .13 .0091
1/29/55
Kabelle 4 14 .020
10/21/55

Labaredj and
Rabelle 2 .013 .015
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A similar decline occurs in ratios of radioactivity in the tissues of the
shore birds. However, the ratio of the most active tissue to the least
active on any given date is usually about twice that found for the terns,
In addition, the points in the decline of ratio with increasing time are
more variable in the shore birds than those found in the terns.

The rate of decline of radioactivity in muscle, liver, and bone of north
Rongelap terns is of two general types, logarithinic and semilogarithmic.
A logarithmic decline as used here refers to a decline best described by a
straight line on log-log paper. A semilogarithmic decline is best described
by a straight line on semi-log paper (Fig. 13). Bone exhibits the former
type of curve (r = t"2-49)  Al50 thgéecay curve for samples of bone taken
on March 26 and July 18 is logarithmic (r = t1.65)  In liver and muscle
the decline is semilogarithmic with a half life of approximately 40 days.

In the October collections the average radioactivity from 7 samples each

of muscle and liver suggested that the decline in activity was beginning to
assume a longer half life than 40 days (Fig. 13). However, a straight line
(haif life of 40 days) extended through the averages of the previous collec-
tions falls within the 85 percent confidence limits of the October values.

The deviations of the latter points from the decline curve derived from the

pravious collections are therefore probably not significant.

The radioactive decay of three liver samples from north Rongelap terns
taken on March 26, 1954 is logarithmic (r = t~ 1+ 33),

Shore birds taken at Rongelap Island in October 1955 continued to con-
tain higher levels of activity than terns. Ratios of shore bird radioactivity

to those of northern Rongelap terns were as follows: muscle, 2. 9:1 ;
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bone, 8.7:1; and liver, 8.4:1.

The decline curve for shore bird bone is logarithmic and similar to
that of the tern bone (r = t"2-3), The variability in the muscle and liver
samples from the shore birds precludes the drawing of decline curves for

these tissues,

5, the northern Rongelap terns

In the January 26-30, 1955 collections
frcm Gejen, Kabelle and Labaredj Islands were found to contain less radio-
acﬁve material per unit weight than did the terns from the southern island
of Rongelap. This finding was unexpected because of the fact that the aver-
age levels of radioactive contamination were higher in the northern than in
the southern islands.

Because the Rongelap natives usually collect birds at Ailinginae Atoll,
seven and one-half nautical miles to the southwest of Rongelap Atoll, and
in view of the observation that the southern Rongelap terns were more
radicactive than the northern Rongelap birds, collections of terns were made
at Ailinginae Atoll on October 23, 1955. The ratios of Ailinginae Atoll tern
tissues to north Rongelap Atoll tern tissues are as follows: muscle, 1.9:1,0;
bone, 1.9:1.0; liver, 2.0: 1.0, Thus the Ailinginae terns contain, on the
average, about twice as much radioactivity as the terns from tte northern
islands of Rongelap Atoll, although the general level of contamination at
Ailinginae is much lower than in the north end of Rongelap. Inasmuch as
these birds are predominantly fish eaters, the higher levels of radioactivity
in the tissues of the southern birds suggest the availability of a supply of

food fish with a higher average radioactive content in the southern area com-
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pared with that of northern Rongelap. The fish utilized for food by the
terns are small (one to two inches in length) and travel in schools in the
open waters of the lagoon. A satisfactory method of obtaining samples of
these animals has not been foﬁnd, other than that of taking them from the
gastreintestinal tract of the birds.

Tern eggs were collected in October 1955 at Labaredj and Kabelle Is-
lands. Previous collections had been made at Kabelle on July 16, Decem-
ber 8, 1954, and January 25, 1835 3. The levels of radioactivity in both
the shells and yolks of eggs of the last collection were low, approximat-
ing those found in the bones of terns from the same area. In contrast to
the logarithmic decline and decay curves observed for tern bones, radio-
activity in the egg shells declinéjsemilogarithmically with an 80-day half-
life; the decay curves also exhibit semilogarithmic decrease with time
but contain two components, one with a 50-day half life and the other with
a 300-day half life.

The rate and type of decline for the egg yolks cannot be determined
because of the great variability in the average values for the various

collecting dates.

Plankton

The equipment and methods for obtaining the October 1955 plankton

samples were the same as for the previous Rongelap collections, except
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that the nets were of nylon rather than silk and the mesh was slightly more
open in the "fine"net. (For the 'fine' net, mesh size was 157 per inch
as compared to 174 per inch when silk was used.)

The radioactivity of the plankton samples from the six collections since
March 1954 i s summarized in Table 12, It will be noted that the present
level of activity in Rongelap lagoon is less than 0.5 of a microcurie per
kilogram of wet sample, that the radioactivity of the plankton off Rongelap
1sland continues to be less than that of the sample off Kabelle Island, and
that the radioactivity of the plankton in Ailinginae lagoon was somewhat
greater than the radioactivity of the plankton in Rongelap lagoon. The signi-
ficantly greater activity of the Ailinginae plankton was unexpected.

This greater value may be within the error that is typical of plankton
samples; another explanation is the possibility that the exchange of ocean
water and lagoon water is slower at Ailinginae than at Rongelap. The shape
of the atolls would suggest thia althcugh the relative rates of exchange are
not known. Rongelap is roughly circular in shape with wide, deep passes in
both the northeast and scuth while Ailinginae {8 rectangular in shape with its
largest pass, in the southern part of the atoll, shallower than the Rongelap
passes (Fig. 1). The wind-driven ocean currents are from the north-north-
east. Water samples from off Rongelap Island and from Aflinginae lagoon
do not indicate differences in activity, possibly because the counting tech-
niques of the Laboratory are insensitive to very low counts.

The rate of decline of radiocactivity of Rongelap lagoon plankton was de-

termined from the data in Table 12 by averaging all the values for any one
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Table 12. Radioactivity of Plankton Samples
March 1954-0October 1355

Values expressed in uc/kg of wet sample

Date Off Lukuen Off Kabelle Off Labared] Off Rongelap
RogﬁgéasuAtoll ™
7/16/54 2.4
12/8/54 8.4
12/18/54 h.4
1/26-30/55 3.0 3.9 0.66 0.75
10/21-22/55 0.19 0.045
Off Mogiri

Ailinginae Atoll
10/23-24/55  0.70
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date regardless of area collected and by plotting the logarithm of these
values against the logarithm of the collecting date, expréssed as the num-
ber of days after March 1, 1954. The slope of the least squ‘a.res regres-

sion line computed from these data is -1.80, i.e., r = t™1- 80

Counting of the Rongelap lagoon plankton samples, the decay rates of
which were reported in UWFL-42, was continued and the decay rates were
found to be practically the same as determined earlier. For the March
1954 Labaredj sample, the July 1954 Kabelle sample, and the December
1954 Kabelle sample, the decay rates were -1.27, -1.38 and -1. 35 respec-

tively.

Water

Both lagoon and island water samples were taken and processed in the
same manner as previously but in addition new refinements to the technique
were also tried. Results of the water analyses are presented in Table 13.
(It is to be noted that the values in this table are in d/m andnot u/c.)

With salt water samples that are prepared for counting by drying only,
the amount used is limited by the quantity of salt remaining on the counting
plate. For the October 1955 samples, 10 cc per plate were used. The
values for the dried samples are listed in the column headed 'untreated" in

Table 13. F or the samples in the column headed "treated", about 5 cc of
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saturated sodium carbonate were added to 100 cc of sample, the sample
then filtered through millipore filter paper, and the precipitate ashed and
counted. The purpose of the sodium carbonate was to remove naiurally
ocecurring K40 (approximately 540 d/m/liter) from the precipitate. Tests
performed by the Health and Safety Laboratory, New York Operations Office,
on this technique indicate that potassium does not co-precipitate and that
from spikes using 18-month-old mixed fission products , only 23 percent of

the activity escaped precipitationm.

The counting error per unit weight is
ccnsiderably less in the ''treated” column because of larger sample size and
a smaller correction for self-absorption.

Values in the '"'untreated' column for the October collection indicate
some radioactivity in the Kabelle sample, but a questionable amount of
activity in the three other samples. However, the values in the "treated"”
cclumn definitely indicate activity in both the Kabelle and Labaredj samples.
Tre best eatimate of the maximum value of mixed fission product activity
in Rongelap lagoon water is 0 0006 uc per liter.

The island water samples were prepared for counting by drying both an
unfiltered and filtered sample. The filtered sample was passed through a
millipore filter and both the filtrate and the residue were counted. One
hundred-cc samples were used without difficulty as there was very little
rcsidue remaining on the plates after drying. However, the well sample
from Rongelap Island had some salts and from the weight of the salts it

was estimated that 8 percent of the sample was gea water.

The well water on Rongelap Island was less radioactive than dstern water.
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This was also true of the December collection. The maximum value for
cistern water was 5300 d/m/liter (0. 0024 uc/liter).
The Ailinginae water sample was taken from a half-full 55-gallon metal
drum standing open beneath a palm. The value for this saample was 1300
d/m/liter (0.0006 uc/liter) which is the same order of magnitude as Ronge-

lap Island cistern water.
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Evaluation of Radioactivity in the Soils

Soil samples for the October 21-23, 1955 collections were taken from
the islands proper. Sand specimens were collected at the low tide line and
from the lagoon bottom. One sample was taken from the bottom of the well
at Rongelap village.

The sampling method for soils differed from that of the previous Ronge-
lap collections. In the earlier collections single samples of the top inch of
soil were taken. In the October collections two samples were taken at each
soil station, one to a depth of 3 inches and another directly below to a depth
of 6 inches. Since, on the average, 65 percent of the activity of the top 3
inches of soil is located in the top inch', direct comparisons between sam-
ples from the previous collections and the October collections may be made
if the latter values for the top 3 inches are multiplied by two.

Profile samples from the lagoon bottom were taken by a diver driving a
12-inch long, 1 1/2-inch diameter aluminum tube into the sand and corking
the top and bottom of the tube. The core was removed from the tube at the
Eniwetok laboratory and divided into l-inch increments.

Levels of radioactivity in the sand and soil of Rongelap and Ailinginae
Atoils on October 21-24, 1955 are shown in Appendix G. Activity levels in
the top 3 inches of soil at Kabelle and Labaredj varied from 4.4 to 11.5
pc/kg. The highest value for any soil sample collected during the above-

mentioned time was found in a sample from Rongelap Island which contained

20. 3 uc/kg of top 3 inches of soil. This sample is not representative of the

* Unpublished observation.
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general level of radioactivity at Rongelap Island, but does illustrate the
problem introduced by sample variation when too few samples are taken.
The other soil sample from Rongelap Island contained 1.7 uc/kg of top 3
inches of soil and agrees favorably with that expected from a consideration
of the values obtained in previous collections when radioactivity decline is
taken into consideration.

The rate of decline of radioactive contamination in the combined soil
samples from Kabelle and Labaredj Islands between the dates, March 286,
1954 and October 23, 1955 is best represented by a straight line on log-log
coordinates with a slope of approximately -1.6. The decay curve for a

Labaredj Island soil sample extending through the same period of time 5

-1.31

is expressed by the formula r=t In both curves March 1, 1954 is

the date of origin.

Enibuk Island (Aflinginae Atoll) soil contained 1.2 uc/kg of top inch of
8oil or an average of 0.681 uc/kg of top 3 inches of soil on October 23, 1955.
Thus the soil at Enibuk was about 1/3 as radioactive as was soil from
Rongelap Island, a relationship which was reflected in the radioactivity
levels of land plants from the same islands. The sand at low tide line at
Enibuk also contained about 1/3 as much radioactive contamination as did a
like sample from Rongelap. At both Enibuk and Rongelap the radioactivity
level in the low tide line sand was about 1/18 that found in the island soil
(top 3 inches).

The levels of radioactivity in the top 6 inches of sand profiles taken on

the lagoon bottom off Kabelle Island varied from 1/3 to 1/1 that for the
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top 6 inches of soil on the island proper. A similar comparison for Ronge-
lap Island gives values for lagoon 3and of 2/11 to 2/5 that of the land soil.
At Enibuk the soil and lagoon sand were essentially equal inlevels of radio-
activity.

In sand profiles taken at Kabelle and Rongelap Islands the radioactivity
levels of samples taken in water depths of less than 25 feet were approxi-
mately 1 1/2 times those found in samples from 50 to 60 feet of water. Bot-
tom samples obtained from the anchor chain in 150 feet of water off Rongelap
Island and Mogiri Island (Ailinginae Atoll) contained from 0.7 to 1.2 times
as much radioactive contamination as was found on the islands proper.

Comparisons of the distribution of radioactivity in the top 6 inches of

scil and lagoon sand were made and are as follows.

Percent of

Percent of radioactivity
radioactivity in 3 to 6
Island in top 3 inches inches depth
Kabelle soil e7 3
Lagoon bottom off
Kabelle 57 43
Labaredj soil 87 3
Rongelap soil 89 11
Lagoon bottom off
Rongelap 55 45
Lagoon bottom off
Enibuk 42 58

Thuas on land most of the activity i8 concentrated in the top 3 inches whereas
under water it is distributed throughout the top 8 inches (Fig. 14 A).
Sand profiles from the lagoon off Kabelle Island under 6 and 60 feet of

water, from off Rongelap Island under 22 feet of water, and from the Enibuk

low tide line were fractionated according to particle size as follows: greater
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Pigure 14 A. Radicactivity in eight increments of a sand proflle
taken in Rongelap lagoon off Kabelle island under six feet of water.
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Pigure 14 B. Specific radiocactivity in flve different particle
size fractions for each of the soil profile increments shown in
Pigure 14 A. The highest radioactivity levels are in the smallest
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than 1,651 mm, 0,589 - 1.6851 mm, 0,147 - 0.588 mm, 0.074 - 0. 147 mm,
and less than 0.074 mm. In the Enibuk low tide-line samples the two amall-
er particle size fractions did not account for more than 0.3 percent of any
of the increments.

Although there was a tendency for a smaller average particle size with
increased depth of water in the lagoon there was no detectable change of
pattern regarding particle size in the increments of individual profiles.

The smaller particles tend to have higher specific radioactivities than
do the larger particles (Flg. 14B), and the percent of total activity contri-
buted by the smaller particle size groups tends to increase with increase in
depth within the soil profile (Fig. 14 C) down to 6 or 8 inches.

Radiostrontium analyses were made 'on the top inch and the seventh inch
of the lagoon bottom profile taken under 6 feet of water off Kabelle. In both
samples sr%0 accounted for 0.7 percent of the activity (maximum and mini-
mum in 4 samples:. 0,64 % and 0.78 %).

The sand profile in 49 feet of water off Rongelap Island had the lowest
level of radioactivity of the lagoon bottom profiles taken in October 1955.
The average radioactivity level for the top 8 inches of sand in this sample
was 0. 19 uc/kg. Using this value as the average of the radicactive contam-

90 content of 0,7 percent,

ination on the bottom of Rongelap lagoon and a Sr
a total of 380 curies of Srgo for the top 8 inches of lagoon bottom is obtained.

This is probably a minimum value.
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Radiochemical Analyses

Radiochemical analyses of some of the samples collected at Rongelap
Atoll have been completed and the data are partially reported to show the
trends of distribution. Detailed chemical studies on the samples collected
should be forthcoming from the samples sent to the New York Operations
Office. and from other samples being studied in detail at the Applied Fish-
eries Laboratory.

The procedures used for the strontium and cerium determinations were
the same as those described in UWFL-42. Analysis for cesium followed
the method outlined in the Los Alamos report LA-1566 11

Data for the analyses are given in Appendix H{and are summarized in
text Tables 14 and 15.

9-&-.

Radiostr ontium {(Tibles 14 and 15) The Sr 0 values for food plants,

except coconuts, collected in Octuber 1955 approximate the theoretical pro-
portion of mixed fission products activity12 at 1.7 years, 4 percent. Coco-
nuts ccntained 0.1 percent Srgo with appropriate correction for time of
collection. This is roughly in agreement with values reported in UWFL -42
and USNRDL.-454, assuming that Table 3.1, page 14, in the latter report
includes radioactivity from Y90 with Srgo.

No Sr90 was found in the soft tissues of pelagic or reef fish or clams.

Analysis of a single sample of bonito bone yielded a maximum sr90 jevel of

a Letters of October 26 and November 9, 1955 from Allyn H. Seymour,
Applied Fisheries Laboratory, to Merrill Eisenbud, New York Operations.

e Sx:g%o values given in text and tablea do not include radioactivity due to the
Y daughter.
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Table 14. Radlostrontium, Radlocesium and Radioceriun-
Pra_secdymium in Biclogical Samples,
December 1954-January 1955
Percentage of Total Activity

89 90 137 Celuhprluh

I=land Organism Sr Sr Cs
Rongelap Atoll

gejen #31 coconut milk <0.1 <0.1 81. 0.0

Xabelle  #37 Caulerpa - 0.0 T1.
#30 coconut milk - -  T2. 0.0

#38 Halimeda - - 0.0 28.

#39 coconut crabdb

muscle 0.86 4.8 67. 1.0
#11 mullet muscle 0.0 0.0 0.0 1.5
Labaredj #29 coconut mllk (0.5 <£0.5 76. 0.0

#42 tern bone 0.0 0.0 0.0 28.

#43 tern bone 0.0 0.0 0.0 26.

Mellu #40 dogtooth tuna

muscle 0.0 0.0 4.8 0.6
Rongelap #27 coconut meat 0.0 0.0 26. (0.4
#28 coconut milk 0.0 0.0 78. <0.2
#32 pandanus fruit <0.1 1.3 110. 0.7
#34 papaya meat <0.1 2.5 68. 3.7
#33 squash meat <0.1 1.5 b51. 1.0
Dates of analysis June-July 1355 Sept. July

Oct. Aug.

1935 1955
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0 _
Sr9 in Biologlcal and Lagoon Bottom Samples

Table 15.
from Rongelap Atoll, October 1955
Srgo,
Total Percent
Activity of Total
Island Sample d/m/g* Activity
Rongelap coconut meat 110 0
pandanus frult 180 2.1
morinda " 47 4.6
Labared) arrowroot corm 40 3.2
Kabelle coconut crab muscle 440 2.9
" " "liver" 1,200 12.
" " galts of carapace 50.
" " cuticle " ; 29.
Labared] giant clam mantle and muscle 1,700 0
" " kildney 5,200 0
Labarcdj bonito muscle 150 0
" liver 1,700 0
"  bone 390 0.6
Kabelle grouper muscle 31 0
" liver 5,500 0
goatfish muscle 42 0
Labared] tern muscle 61 0
Kabdbelle lagoon bottom, depth top inch 40,000 0.73
of water 6', fraction ) 7th inch 25,000 0.71

containing particles
<0.07T4 mm diameter.

* Wet welght baslis excep

welght baslis.

t lagoon bottom which is on a dry
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0. 8 percent of the total activity, Two fish muscle samples collected in
January 1955 were reported in USNRDL-454 (Table 4. 5) to have sr90
levels of 0.2 percent of the total beta activity. The muscle and bone of
terns, which feed on fish, contained no Sr20

In contrast to the strictly marine forms, the coconut crab, which feeds

principally on land plants, had Srgo levels of 3 percent in the musacle and
12 percent in the hepato-pancreas or liver, where calcium salts are stored.
The radioisotopes in salts leached from the carapace were found to consist
entirely of Sr90 4+ v90  The levels relative to total activity would be expect-
ed to remain constant in the salts of the carapace, to increase in muscle,
as Sr90 makes up a greater proportion of the total activity with the passage
of tirre, and to be variable in the liver depending on the physiological state

0

of each crab with respect to molting. Sr9 levels in the liver would be ex-

pected to be at a peak immediately pre- and post molt.

In the lagoon bottom samples collected in October 1955, 0.7 percent of
the activity was sr90. Estimates of total radiostrontium content of Rongelap
lagoon are discussed in the scils section.

Radiocesium (Table 14). The highest Cs!37 levels were found in the land

plants and the coconut crab, 26 percent-100 percent, Cs!37 in marine algae,
| fish muscle and fish-feeding birds was absent or present in only small amounts

(maximum 4. 8 percent).

Radiocerium (Table 14). The levels for Cel44 were highest in marine
144

birds and algae, 26 percent- 71 percent. In tuna muscle, however, Ce

accounted for only 0.8 percent of the total activity. There was none in
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coconuts and less than 4 percent in pandanus, squash and papaya fruit. Val-
ues for rare earths given in USNRDL-454 agree closely, with the exception

of papaya for which their value is higher by a factor of ten.

Non-fissionproduct radionuclides. Radionuclides of Sr, Cs, Ce and

their daughters did not account for the total activity in most samples analy-
zed Complete fission product analyses of samples collected at Eniwetok
-and Bikini Atolls indicate that non-fission-product radionuclides may account

65 contributes one-

for more than half of the total activity in some fish; Zn
fourth or more of the total activity in shark muscle as determined by radio-

chemical analysis and confirmed by following the decay
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Physical Decay of Samples

Extensions into December 1955 of the nine decay curves of Figures 11,
12 and 13, UWFL-42 show little change in direction. Gastric mill of a
crab began to decay with semi-log linearity and changed between 200 and
300 days post shot to the log-log linearity now apparent in Figure 1J.
Muscle of a sea cucumber changed similarly. The other decay curves tabu-
lated in Appendix Table XII of UWFL-42 have not yet been extended, but

approximately straight-line log log curves may be expected.
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APPENDIX A
Table 1. Burvey Meter Readings, October 21-23, 1955

Values expressed in millireps per hour*

Rongelap Atoll

10/21/55 W to E transect across middle of island
Kabelle at 1 inch Closed Open
above high tide 2. €.
open area soil sample #1 3.5 12.
grassy area Soll sample #3 2. 8.
2.5 8.
2. 8.5
205 90
2. 8.
3.5 12.
b, 14,
2.5 10.
in Scaevola litter 1.5 T.
in Scaevola litter 1.5 5.
cceanside, intertidal 0.1 0.4
Labaredj SW part of island, 100-200 yards from lagoon
at 1 inch Closed Ogen
open, soil sample #5 2. .
under trees, soll sample #7 0. 7.
1.2 10.
3. 11.
0.7 7.
10/22/55 At northern village
Rongelap at 1 inch Closed Open
above high tide line 0.1 0.2
grass near well 0.5 2.
scil sample #9 0.3 0.9
soll sample #11 0.3 1.
Allinginae Atoll
10/23/55 At 1 inch Closed Open
Enibuk west end in brush 0.05 0.5
soll under trees 0.1 0.6

-
With a Beckman MX-5
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APPENDIX A

Table 2. Survey Meter Readings at Ronzelap Atoll

Novenmber 7, 1955

Rongelap Island

3' above ground

1" above ground

Area closed open closed open
Landing in front of village
intertidal area .04 .04 .04 Nelll
Landing in front of village
above high tide line .06 .10 .08 .13
60 paces from lagoon to cistern .08 0.3 .08 0.4
Schoolhouse - hospital area 07 0.3 .10 .25
Schoolhouse - papaya cluster
(soil sample A-11 & 12) .09 0.5 0.4 1.2
Wwell behind schoolhouse, grassy
area (soll sample A-3 & 10) .14 0.8 0.10 0.6
(Heading south along path near
lagoon side of island. General
direction N - S.)
Village center - concrete posts
grass 07 0.3
Village center - concrete posts
gravel 07 0.15 0.09 0.4
Village plus 100 paces grass 0.15 0.9
village plus 100 paces gravel A1 0.6 Q0.10* 0.u»
And plus 75 paces, at church
grass .06 .25 .06 0.35
gravel 07 0.4
Plus 70 paces, inside hut 0.4 3.0
inside hut, pandanus mat 1.0 1.0
inside hut, roof 0.5 .0
outside of hut, noof 1.2 8.0
Plus another 200 paces, . -
pandanus grove 0.4 3.5 0.5 2.0
Plus another 350 paces, mostly
crass 0.4 3.0 0.5 5.0
» »
3choolhouse, inside 0.09 0.7 0.05 0.4
Schoolhouse, table 0.2 1.2
Hospital, 1inside 0.11 0.9 0.12 0.9
Hospital mattress 0.06 0.5
» Values rechecked because they were less at 1" than at 3'.
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APPENDIX A
‘pable 2. (continued)

Rongelap Island

3' above ground

1" above ground

Area closed open closed .open
(Path from lagoon to ocean
side starting from lagoon
side. General direction
E-wo)
Fifty paces from Junction with
N - S path - well - grass 0.09 0.4 0.06 0.3
Plus 100 paces, open grass 0.3 2.0 0.5 3.5
And plus 110 paces, Sida
bushes 0.3 3.0 0.9 5.0
Plus another 110 paces, open
grass 0.4 3.0 1.2 7.0
Plus 100 paces, grass and
sand under coconut 0.4 3.0 0.7 6.0
Plus 100 paces, under
Quettarda, dead leaves 0.15 1.5 0.4 1.0
Plus 55 paces ocean side,
above high tide line,
leaves and sand 0.12 1.0 0.3 3.0
Ocean side - intertidal area,
sand and beach pavement 0.03 0.03 0.03 0.03
Labaredj Island
Area
Boat landing, south end,
intertidal - sand 0.04 0.06 0.06 0.10.
Boat landing, south end,
above high tide, pavement 0.7 5.0 1.3 8.0
One hundred paces N of boat
landing, lagoon side, dead
leaves 4.0 off scale
One hundred paces N of boat
landing, lagoon side, gravel 1.1 8.0 3.0 15.0
Plus 175 paces, lagoon side
gravel 0.6 4.0 1.4 7.0
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Table 2. (continued)

Labared] Island

3' above ground

1" above ground

Area closed open closed cpen

Prom lagoon high tide line, 2.5 16.0 5.0 off scale

40 paces east, under

pandanus trees
Plus 35 paces east, gravel

open area 0.9 6.0 3.0 17.0
Plus 45 paces east, under

Messerschmidia 1.0 5.0 1.5 11.0
Plus another 50 paces east,

open sand 0.9 8.0 3.0 off scale
Plus 50 paces east, high tide

iine, ocean side, sand and

gravel 0.6 3.0 0.8 4.0
And plus 40 paces east, in-

tertidal, ocean side, sand 0.09 0.4 0.14 0.6
Plus another 10 paces east,

ocean side, beach pavement 0.03 0.07 0.04 0.15
Northern tip of Island -

intertidal area 0.05 0.15 0.07 0.4
Northern tip of Island -

above high tide 0.6 4.0 0.8 6.0
Coconut grove near north end

under coconut tree - dead

fronds 1.0 5.0 0.8 4.0
And beneath the dead fronds 2.0 11.0
Coconut grove near north end

among arrowroot plants 1.1 8.0 3.0 12.0
Coconut grove near north end

bottom of Rhinehart "hole”

about 12 inches 0.5 3.5
Southwest part of Island, under

tree, dead leaves, at site of

soll sample A-7 & 8 0.9 6.0 1.5 12.0
And 10 paces west, open, site

of soil sample A-5 & © 0.8 €.0 3.5 18. +
Unnamed island just south of

Labared) (100 yards) at yecllow

stake, open beach, above high 6.0 1.1 6.0

tideline, sand & gravel 0.9
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fable 1. Radiocactivity in Pish from Rongelap Atoll,
Kabelle Island

Vvalues expressed in thousands of d/m/g of wet tissue

Date and Common
Island Nane Muscle Liver Bone
10/21/55 blenny 0.046 0.875
Kabelle " .ou8 1.03
" .ou8 2.00
" .034 1.09
" .034 1.41
butterfly .0€3 4.95
" .084 3.91
" .057 3.38
damselfish 084 0.730
" 062 2.78
goatfish .0l2 6.32 0.431
" .031 1.16
" .235 5.12
" .030 1.2€
" .035 1.38
grouper .031 10.3
N 031 5.1€ .170
! 073 2.28
" .056 8.11
N ‘ .065 5.25
halfbeak 168 4.81
" .O%g 3.13
" .0 2.46
" 073 4.43
" .052 0.713
Jackfish .06€ 3.810
parrot .037 1.80 0.194
" .050 2.08
surgeonfiah .052 €.94
! .028 0.308
wrasse .078 5.88
" L0oUué 5.82
" 07 5.59
" 0.05 1.04

Date of analysis: November 14 - 15, 1955



-T1 -

APPENDIX B

weble 1. Radioactivity in Fish from Rongelap Atoll,
Labaredj Island

values expressed 1n thousands of d/m/g of wet tissue

Date and Common
Island Name Muscle Liver
10/21/55 blenny 0.049 1.66
Labared] " .030 573
" .089
" .050 1.02 3 liver samples pooled
" .07)4
bonito 102 2.17
damselfish .225 g 3.12 2 " " "
" 097
grouper .063 5.99
" .0L6
" .055 2.19 4 " n "
" .016
" .050
halfbeak .091 1.58
" .119 .792
" 027 .901
tr1$gerfish .087 1.29
' .118 1.100
tuna 040 1.07
wrasse .028 4,30
“ 073 1.74 2 " " "
" 0.065

Date of analysis November 15 - 22, 1955
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APPENDIX B

Table 1. Radioactivity in Pish from Rongelap Atoll,
Rongelap Island

Values expressed in thousands of d/m/g of wet tissue

Date and Common
Island Name Musacle Liver Bone
10/22/55 damselfish 0.009 0.810
Rongelap " 012 .522
n .014 664
" 016 1.25
" 015 962
" 013 057
flatfish 014 .165
goatfish .037 2.94
" .02 257
" 01 470
" .021 .309
" .023 .235 0.188
" .033 10.20
grouper .020 y.37
" 032 4,21
" .020 .684
v 017 3.03
" .024 1.99
Jackfish .026 .489
squirrelfish .017 .285
' " 007 116
" .028 .302
" .023 70
" .026 470
surgeonfish 037 3.24
" 015 459
" 022 .293
! 019 2.25
" .025 1.51 0.116
wrasse .020
" 011 0.066
" .028
" 0.012

Date of analysis:November 16 - 22, 1955
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Table 1. Radloactivity in Fish from Allinginae Atoll

Values expressed 1n thousands of d/m/g of wet tissue

Date and Common _
Island Name Muscle Liver Bone
10/23/55 butterfly 0.020 0.939
Enibuk " .023 646

mullet 017 .336
" .034 .322
" 022 .360
" 027 .288
" .030 521
" .025 297 0.051
needlefish .039 .149
¥ .018 .100
" .068 .269
" o4y .133
" , .055% 1.280 .132
surgeonfish .0l1 .8398
" 022 .321
" .028 1.000
" .033 1,280
" 013 .803 .053
" .021 .313
" 019 L9490
" 012 .318 024
" 021 2.380
" 071 1.640
" : .OU3 LA421
triggerfish .055 .163
' .025 156
" .058 .263
" 017 .216 0.169
10/23/55 gray shark .032 .284
Mogiri " " 017 .055
" " .022 .210
" 11 .019 .269
n i .01)4 .Lr?e
10/24/55 grouper .015 .667
Mogirl Pas8 macierel .020 .516
snapper 0.021 0.482
Date of analysis: November 21 - 23, 1955
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p. 2 Table 1 (continued)

values expressed in thousands of d/m/g of wet welght

Date and
Island Halimeda Caulerpa Microdictyon
Allinginae Atoll
10/23/55 0.059 0.065
Enibuk .066 .07€
lagoon shore .062 .080
.149 ,068
024 0.074
lagoon
in 35 feet of .092 0.187
water .106
0.076

Date of analysls:

November 25-26, 1955
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APPENDIX P

Table 1. Radloactivity of Birds and Bird Eggs

values expressed in thcousands of d/m/g of wet tlssue

Date and
Island Species* Muscle Liver Bone
Rongelap Atoll
10/21/55 fairy tern 0.046 0.l4 0.053
Kabelle a " 025 0.092 017
noddy tern Nol'51 0.17 019
Labared] fairy tern .031 0.044 013
" ) .098 0.097 .03
" " .039 0.17 .03
" " .028 0.0k45 .036
10/22/55 ruddy turnstone .ogu 0.020 .022
Rcnzelap K " .1 1.0 .34
reef heron 17 1.6 Qi
Allinzinae Atoll
10/23/55 black-naped tern .10 0.30 077
11 ouk " " .18 0.47 .110
fairy tern 076 c.18 .063
" " .0u46 0.28 .039
" " .054 0.083 .009
" " .068 0.25 075
ncddy tern .10 0.19 .033
" " 0.051 0.046& 0.009

Egg Egg contents
Shell (yolk + white)

Rongelap Atoll

10/21/55
Kabelle fairy tern 0.028 0.052
Labared] " ! 0.028 0.013

L 2

: Noddy tern, Anous stolidus; fairy tern, QGygis alba; black-
naped tern, Sterna sumatcang; ruddy turnstone, Arcnaria interpres
morinella; reel heron, Demigretta sacra sacra.

Date of analysis: November 17-18, 1955
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APPENDIX G
Table 2. Radiocactivity of Unfractlonated Sand Profiles

Values expressed in thousands of d/m/g

Date and Total
Island Type of Sample Activity

Rongelap Atoll

10/22/55 low tide top inch

Rongelap line, lagoon 2nd "

side rqa "

th f

5th '

éth "

7th 1"

49 feet top inch
vater, 2nd "
lagoon 3rd "
4gn "
Sth H
6th "
th 1]
th "

00000000 OO0OO0O0O0O0O
L] L] L) . L] L] L] * » . L] L) L[]
%U'\U\Ul OMHNN MM

w O+ a\n oo+ &®

i O -
-‘:J':\'gm

Ailinginee Atoll
10/23/55 35 feet top inch
Enibuk water, 2nd "
lagoon d

t

o3
OO0OO+HHOOO
= S WWW O N
(es])V e oxgoo
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APPENDIX G
Table 3. Radloactivity of Solls and Sand
Values expressed in thousands of d/m/g
pate and Total
Island Area Sample Depth Activity
Rongelap Atoll
10/21/55 so0il - 200 yards top 3 inches 15.8
Kabelle from lagoon near  3-6 " 0.762
mid-island, open
area
s0il near above top 3 inches 23.0
sample, level 3-6 " 0.416
grassy area
lagoon sand from 1.83
6 feet of water
Labared]J soll - SW part of top 3 inches 9.59
1gland 100 yards 3-6 " 0.554
in from lagoon,
open area
near above sample top 3 inches 25.3
under a tree 3-6 " 0.231
10/22/55 10 feet west of top 3 inches 3.67
Rongelap well, near vil- 3-6 " 0.808
lage, level grassy’
area
under papaya trees tog 3 inches L4y .6
near schoolhouse, 3- " 1.46
rocky soll
sand from anchor 1.64
chain, 2 miles off
Rongelap Island,
in lagoon at depth
of 150 feet
gsand from bottom 7T .346
of well, water
depth 16 inches
Allinginae Atoll
10/23/55 soil 2.54
Enibuk
Mogiri sand from anchor 0.739

off Mogiri Island,
in lagoon at depth
of 150 feet
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